Introduction
We have been studying deformation-induced microstructures, and the temperature and stress conditions during deformation along faults which may be deeply eroded analogs of the San Andreas system. Recent studies of deformation-induced microstructures in single crystals and in polycrystalline materials indicate that the grain size, sub-grain size, and free dislocation density are, to a good approximation, dependent primarily on the differential stress and are related to temperature and strain rate only as the stress, temperature and strain rate are coupled through a flow laxv. Analyses of deformation-induced microstructures offer the possibility of placing major constraints on the range of stress-levels present during large-scale geologic deformation phenomena. Our recent results of a study of the microstructures in rocks from the Moine thrust in Scotland indicate that deformation along the fault occurred at a differential stress on the order of 1 to 2 kbar.
We have chosen four faults for our study of deeply eroded shear zones: Grocott (1977) has suggested that the \vTestern Greenland shear zones are deeply eroded, Precambrian analogs of the San Andreas system. Rocks now exposed at the surface were at depths of 15 to 30 km and temperatures of 600 to 800 C when they were deformed.
We have made several collections across the southeastern margin of the shear zone. The rocks in this region consist primarily of granodioritic to quartz dioritic gneisses metamorphosed to granulite facies. . The dislocation density within quartz grains is usually inhomogeneously distributed, and may vary 8 9 from 10 to 3 x 10 within regions of . . > single, grain (T.S. Olsen, pers.
comm. 1979). The highest dislocation densities usually occur near the contacts with "stronger" minerals such as plagioclase.
We have interpretated the microstructure of the gneisses as indicating that a significant amount of post-deformational recovery has occurred, and that the stresses indicated by the sub-grain size and dynamically recrystallized grain size reflect recovery following deformation. The dislocation density might reflect a late, short-term, high-stress pulse.
Such a stress pulse could be due to differences in the temperature and pressure dependences of the thermal and elastic properties of the several minerals which comprise the gneiss. We do not think that any of the. (Christie, 1963) . Within the region mapped as the shear zone (Lovering and Goddard, 1950; Wells et al., 1964) , we have and free dislocation density all indicate a stress of about a kilobar, we suggest that along this shear zone there was a long-term deformation event at a differential stress of approximately 1 kbar during which time the observed microstructure was generated. This agre'ement among the three paleopiezometers for this shear zone is in contrast to the Moine thrust where the recrystallized grain size and dislocation density indicated different differential stresses .
We are still studying the difference in style of deformation between quartzites from these two shear zones. The extensive recrystallization and elongation of relict grains in the quartzite from the Idaho SpringsRalston shear led us to suspect that perhaps this quartzite contained more water than the quartzite from the Mullen Creek -Nash Fork shear zone.
We have begun infrared spectroscopy studies on samples from both shear zones to measure the water-content, but so far our results have been inconclusive. However, we intend to continue this study to try to resolve the problem of the different styles of deformation along these two faults.
